Background/Aims: Acute Kidney Injury (AKI) is a serious clinical state associated with high morbidity and mortality, particularly in critical ill patients. We investigated the hypothesis that serum Cystatin C (sCysC) is a good predictor for AKI and may affect the short-term prognosis of coronary care unit (CCU) patients. Methods: In this prospective, observational study, we screened 412 adults admitted to the CCU from January 1, 2014 to June 1, 2015 at Zhongnan Hospital of Wuhan University. Serum samples were obtained at the time of admission, and sCysC was quantified through nephelometry. AKI was defined based on KDIGO-AKI criteria. After the patients' hospital discharge, the survivors in this study were followed up for up to 2 years. The primary endpoint was the incidence of AKI stratified by severity stage, while the second endpoints included 2-year mortality, rehospitalization and failure in renal recovery rates, as well as the progression of AKI to CKD. Results: According to the KDIGO-AKI criteria, AKI occurred in 130 (31.6%) patients. After multivariate adjustments, the highest quartile of sCysC was associated with a 9-fold increased risk of incident AKI compared with the lowest quartile. For predicting AKI, sCysC [area under the receiver operating characteristic curve (AUC=0.842)] outperformed β2-micro globulin (AUC=0.813) and the clinical model (AUC=0.777), and a cutoff of 1.255 mg/L yielded good sensitivity and specificity. After a median 19.8-month follow-up, 112 (27.2%) patients died within 2 years after admission. The sCysC independently predicted the risk of 2-year mortality [adjusted odds ratio (OR), 4.955; 95% confidence interval (95% CI), 2.853 to 8.603] and rehospitalization (OR, 3.128; 95% CI, 2.011 to 4.867), as well as renal recovery failure (OR, 3.618, 95% CI, 1.753 to 7.463). Conclusions: Serum CysC is a strong predictor of AKI and the short-term prognosis of CCU patients.
Introduction
Acute kidney injury (AKI) is a devastating disease that affects patients, particularly those in intensive care units, and is associated with significantly increased morbidity and mortality rates [1] [2] [3] [4] . A major barrier to improving the clinical outcomes of AKI patients is the inability to identify high-risk patients to provide immediate interventions at an early stage. Intense contemporary research has focused on validating novel biomarkers to predict AKI earlier than serum creatinine (Scr). Several biomarkers have been identified, such as neutrophil gelatinase-associated lipocalin, insulin-like growth factor-binding protein 7, tissue inhibitor of metalloproteinases-2, cystatin C (CysC) and so on [5] [6] [7] [8] . However, the clinical utilization of these biomarkers in predicting AKI and long-term prognosis for CCU patients is limited [9, 10] .
CysC is a 13-kD cysteine protease inhibitor synthesized in all types of nucleated cells at a steady state. It is freely filtered by the glomerulus, not secreted by renal tubules, and completely metabolized at the level of renal tubules [11] . Importantly, CysC is readily measured using clinical laboratory platforms and does not increase with urinary tract infection or in chronic non-renal diseases. These capabilities have made it an attractive marker for estimating glomerular filtration [12] [13] [14] [15] . However, the receipt of glucocorticoids, thyroid function, inflammation and obesity, rather than sex or age, may affect the measurement of serum CysC [16] [17] [18] . Recent studies have further suggested that serum CysC (sCysC) may be an early predictor for AKI and the prognosis of patients in cardiac surgery [19] [20] [21] [22] , intensive care [23, 24] , radiocontrast administration settings [25] and emergency departments [26] .
In this study, we aimed to ① determine the accuracy of sCysC in predicting AKI in CCU patients, ② determine the relationship between sCysC and the severity of AKI and the length of hospital stay, and ③ determine the association between sCysC and the clinical outcomes of AKI patients, including all-cause mortality, rehospitalization, failure in renal recovery and progression of AKI to chronic kidney disease (CKD).
Materials and Methods

Study Design
We performed a prospective observational study involving 412 adult patients (23 to 97 years old) admitted to the CCU at Zhongnan Hospital of Wuhan University from January 1, 2014 to June 1, 2015. The following inclusion criteria were applied: (1) a CCU stay≥48 hours, (2) at least three serum creatinine measurements during the hospital stay, and (3) at least one serum creatinine measurement over a 6-month period before admission. The exclusion criteria included pre-existing peritoneal dialysis or maintenance hemodialysis, urinary tract infection or obstruction, cancers，and a history of renal transplantation.
AKI was defined according to the KDIGO Clinical Practice Guidelines for AKI based on serum creatinine criteria. Preexisting CKD was defined as preadmission eGFR<60 ml/min per 1.73 m 2 , which was calculated according to one serum creatinine measurement over a 6-month period before admission.
This study was approved by the Ethics Committee of Zhongnan Hospital of Wuhan University.
Data Collection
The following data were collected: (1) demographic characteristics,(2) preexisting medical conditions before CCU admission, such as hypertension, diabetes and CKD, (3) special medication administration before admission, for example, treatment with diuretics, angiotensin converting enzyme inhibitors/ angiotensin II type I receptor blockers (ACEI/ARB) and aspirin, (4) primary reasons for CCU admission, (5) routine biochemistry tests upon admission (blood samples were collected once immediately after CCU admission (before any in-hospital treatment) and then at the time of routine morning sampling for clinical care purposes until discharge; serum creatinine levels were measured upon admission and at least every other day for the first 3 days, and every three days thereafter), and (6) clinical outcomes, including the duration of hospitalization and the serum creatinine measurement before discharge. Acute Physiology and Chronic Health Evaluation II (APACHEII) scores were used for all eligible participants to evaluate the severity of their diseases. This risk stratification method is a widely accepted tool used to evaluate the prognoses of adult patients in ICUs [27] .
After hospital discharge, a 2-year follow-up examination was performed through medical records review or telephone interview, as needed, including 2-year mortality rate (cause and date of death), rehospitalization within 2 years and serum creatinine measurements taken 2 years after admission.
Biomarker Measurements
The sCysC blood samples were obtained immediately after the CCU admission and before any inhospital treatment. All sCysC measurements were performed in the central laboratory of Zhongnan Hospital. The laboratory investigators were blinded to the sample sources and clinical outcomes. The concentration of sCysC was measured through nephelometry using a standardized clinical laboratory platform (BN ProSpec II; Siemens Healthcare Diagnostics, Marburg, Germany), according to the manufacturer's recommendations.
Outcome Definitions
The primary outcome was the incidence of AKI stratified by the severity stage, according to the KDIGO Clinical Practice Guidelines for AKI based on serum creatinine criteria [28] . Preexisting CKD was diagnosed if the patients were diagnosed with CKD or if the eGFR was less than 60 ml/min per 1.73 m 2 before hospital admission. eGFR was estimated through Cockcroft-Gault equations [29] . Secondary outcomes included: (1) all-cause mortality from admission to the endpoint of 2-year follow-up; (2) rehospitalization within 2 years (number of patients who were discharged from the hospital and readmitted to any hospital within 2 years); (3) failure in renal recovery defined as a composite end point of being alive at discharge and a dischargeSCr exceeded 25% of the baseline (preadmission value); and (4) progression of AKI to CKD defined as an eGFR<60 ml/min per 1.73 m 2 for >3 months after AKI in patients without preexisting CKD. ) was used to compare categorical variables. To measure the sensitivity and specificity of sCysC at different cut-off values, a conventional ROC curve was generated. Spearman's correlation coefficients were calculated between the sCysC and clinical parameters. We determined the adjusted odd ratios for AKI and 2-year prognosis through multivariable logistic regression analysis. The risk factors for 2-year mortality and rehospitalization, which were assessed through univariate Cox logistic regression hazard analysis, and statistically significant variables, which were identified through univariate hazard analysis, were included in the multivariate analysis by applying multiple logistic forward Cox regression analysis to obtain the independent predictors of 2-year survival. Cumulative survival curves, as a function of time, were generated through Kaplan-Meier analysis and compared with log-rank tests. In these analyses, sCysC was modeled both as a categorical variable (categorized into quartiles) and as a continuous variable. All statistical tests were two-tailed; and a value of P<0.05 was considered to be statistically significant.
Statistical Analyses
Results
Subject characteristics
From January 1, 2014 to June 1, 2015, a total of 412 [135 (32.8%) male and 277 (67.2%) female] adult CCU patients were screened. The mean subject age was 68 years. The primary diagnoses for these patients were acute coronary syndrome (268 patients, 65.0%), chronic coronary artery disease (81 patients, 19.7%), acute decompensated heart failure (ADHF) (16 patients, 3.9%), arrhythmias (32 patients, 7.8%) and others (15 patients, 3.6%). For the preexisting medical conditions, 208 patients (50.5%) had comorbidities associated with hypertension, and 142 patients (34.5%) had diabetes. Moreover, 59 patients (14.3%) had a history of CKD before CCU admission. Furthermore, 201 (48.8%) CCU patients Table 1 . Characteristics of CCU patients on admission. Continuous variables were expressed as mean±SD or median (25th percentile -75th percentile, interquartile range). Categorical variables were expressed as a number (%). BMI, body mass index; ADHF, Acute decompensated heart failure; ACEI, angiotensin converting enzyme inhibitors; ARB, angiotensin II type I receptor blockers; CAG, coronary angiography; β2-MG, β2-micro globulin; hs-CRP, High Sensitive C-Reactive Protein; TSH, thyroid stimulating hormone; NT-proBNP, N-terminal pro-B-type natriuretic peptide; LVEF, left ventricular ejection fraction; APACHEII, Acute Physiology and Chronic Health Evaluation II.
a Defined as preadmission eGFR<60 ml•min We further compared patients with and without AKI. Compared with the non-AKI patients, the AKI patients were older, had more comorbidities, had higher levels of serum CysC, β2-MG, serum potassium, and NT-proBNP, and had lower levels of MAP, serum albumin and hemoglobin. AKI occurred more frequently in the subjects with preexisting CKD and those who received aspirin and diuretics prior to admission. Moreover, the AKI patients had longer hospital stays and higher APACHEII scores compared with the non-AKI patients (Table 1) . Based on Spearman's correlation coefficient, we found a positive correlation between sCysC and the length of hospital stay (r=0.320, P=0.015) and the APACHEII scores (r=0.440, P<0.001). Nevertheless, the use of renin-angiotensinaldosterone system inhibitors (ACEI/ARB) before admission did not affect the incidence of AKI in the patients. Furthermore, except for ADHF, the incidence of AKI was not related to any other primary diagnoses for admission to the CCU. No significant difference was found in the levels of leucocyte, hs-CRP or thyroid hormones between the AKI and non-AKI patients, and these factors have been shown to impact the level of sCysC in previous studies. sCysC levels were associated with incident AKI in all patients, regardless of preexisting CKD in this study (Fig. 1) . These results were further confirmed through the multivariate analyses. After adjusting for the clinical variables, sCysC appeared to be the most powerful predictor for AKI patients with and without preexisting CKD conditions. The highest quartile of sCysC on the first day of admission was associated with a 9-fold increased risk of incident AKI compared with the lowest quartile ( Table 2) . When sCysC was analyzed as a continuous variable, higher sCysC concentrations were also associated with the development of AKI (OR, 6.156, 95%CI 3.638 to 10.418, P<0.001) in a multivariable model (Table 3) .
Performance of serum CysC for predicting AKI in subgroup analyses
For predicting AKI, the area under the receiver operating characteristic curve (AUC) of sCysC on the first day of admission for all participants in this study was 0.842. A cutoff of 1.255 mg/L yielded good sensitivity (82.2%) and specificity (76.4%) (Fig. 2A) . A positive correlation was detected between the elevated level of sCysC (≥1.255 mg/L) and the severity of AKI (r=0.502, P<0.001) based on Spearman's correlation coefficient. The AUCs for sCysC in the subgroups of AKI with and without preexisting CKD were 0.876 and 0.801, respectively, which were greater than those for β2-micro globulin (0.774 and 0.787, respectively) and the clinical model (0.743 and 0.719, respectively) ( Fig. 2B and C) . The best sCysC cutoff value for predicting AKI was 1.740 mg/L in patients with preexisting CKD, which was significantly higher than the value in patients without preexisting CKD (1.245 mg/L).
Serum CysC as a predictor for secondary endpoints
During a median of 19.8 months [interquartile range (IQR)=17.0 to 21.5] follow-up, 112 (27.2%) patients died within 2 years after their CCU admission, with 80 (19.4%) in the sCysC≥1.255 mg/L group and 32 (7.8%) in the group <1.255 mg/L sCysC group. A positive correlation was detected between the elevated level of sCysC (≥1.255 mg/L) and the 2-year mortality rate of CCU patients, based on Spearman's correlation coefficient (r=0.521, P<0.001). An sCysC level≥1.255 mg/L on the first day of admission was associated with a significantly increased probability of all-cause mortality (HR, 3.093, 95% CI, 1.987 to 4.184, P<0.001) and rehospitalization (HR, 1.783, 95% CI, 1.131 to 2.812, P=0.013) over the 2-year follow-up period ( Fig. 4A and B) . Fig. 3A further showed an additive effect of the sCysC levels and the presence of AKI on the 2-year mortality rate for all participants. Patients who developed AKI concurrently with an sCysC concentration≥1.255 mg/L had the highest overall mortality. As a comparison, patients with AKI alone or only with an increased sCysC level showed a relatively better cumulative survival rate. In addition, the severity of AKI significantly reduced the patient survival rate over the 2-year follow-up period for the sCysC≥1.255 mg/L and sCysC<1.255 mg/L groups ( Fig. 3B and C) .
Our study has also shown that sCysC played an important role in predicting failure in renal recovery and rehospitalization in patients with incident AKI. In the group of patents with sCysC concentrations<1.255 mg/L upon admission, the rate of failure in renal recovery at discharge was only 3.4%, and this rate significantly increased to 31.4% in the group of patients with sCysC concentrations≥1.255 mg/L. Similarly, the rate of rehospitalization in these patients also increased from 24.8% to 57.0%, according to the elevated level of sCysC. These results were confirmed through conditional multivariable logistic regression. After adjusting for clinical risk factors, sCysC concentration was the most powerful risk factor for failure during the renal recovery period (OR, 3.618, 95% CI 1.753 to 7.463, P<0.001) and rehospitalization (OR, 3.128, 95% CI 2.011 to 4.867, P<0.001) ( Table 4) . Moreover, when sCysC was analyzed as a categorical variable, the highest quartile of sCysC on the first day of admission was also associated with a 13-fold increased risk for failure in renal recovery and a 6-fold increased risk of rehospitalization compared with the lowest quartile (Table 6 ). Furthermore, sCysC was an independent predictor for 2-year mortality, as a continuous variable (Table 5 ) and as a categorical variable (Table 6 ). In addition, sCysC on the first day of admission outperformed Troponin I or β2-micro globulin when predicting 2-year mortality rates (AUC, 0.842, 95% CI, 0.803 to 0.903), as well as failure during renal recovery (AUC, 0.814, 95% CI, 0.742 to 0.887) (Fig. 2D and E) .
sCysC might also play a role in predicting the progression from AKI to CKD. Among the AKI patients without preexisting CKD, an sCysC concentration ≥1.255 mg/L led to a higher incidence of AKI progression to CKD than that in patients with sCysC concentrations <1.255 
Discussion
Our study showed that the incidence of AKI in CCU patients was 31.6%. A previous prospective study by Chen, et al. has also shown that AKI occurred in 28.7% of patients who were admitted to the CCU due to acute myocardial infarction [10] . Nevertheless, in patients with ADHF, Yang et al. have shown that the incidence of AKI further increased to 47.6% [30] . This higher incidence of AKI in ADHF patients has been referred to as acute cardiac and renal dysfunction [31] [32] [33] [34] .
The diagnosis of AKI, particularly in CCU patients, is currently delayed and inaccurate, which largely contributes to the poor clinical outcomes of AKI and results in great challenges in preventing and treating this kidney disease worldwide [35] . As opposed to acute coronary syndrome, in which the discovery of biomarkers, such as troponin, has completely advanced clinical care by establishing early diagnosis, specific early biomarkers for AKI have been lacking, in terms of predicting the severity of AKI and guiding its treatment. In this observational study, we found that sCysC levels measured on the first day of admission were a powerful predictor for AKI and the short-term prognosis of CCU patients. These findings are consistent with previous results that have been reported in two other clinical studies [36, 37] . More importantly, despite evidence that β2-micro globulin is useful for predicting prognosis in kidney disease, cardiovascular outcomes and death [38] [39] [40] , the performance of sCysC in predicting AKI and short-term prognosis was superior to β2-micro globulin in our study.
A bidirectional relationship between AKI and CKD has been suggested by recent studies. The non-recovery of AKI is associated with its progression to CKD; however, CKD patients have an increased risk of developing AKI [41] [42] [43] [44] . In this study, we prospectively screened CCU patients whose serum creatinine measurements were available for the 6-month period prior to admission. This design allowed us to determine the predictive performance of sCysC in patients with and without preexisting CKD. Our results showed that compared with patients without preexisting CKD, the level of sCysC on the first day of admission was remarkably higher (≥1.255 mg/L) in patients with preexisting CKD. Note that the best cutoff value of sCysC was also higher in these patients. Moreover, in patients without preexisting CKD, an elevated sCysC level significantly increased the incidence of AKI progression to CKD. These distinctive characteristics of sCysC make it a valuable and unique predictor for AKI, particularly for AKI with preexisting CKD and AKI progression to CKD.
Identifying patients who are at higher risk of poor prognosis is still an enormous challenge in clinical practice. In our study, during the 2-year follow-up period, patients with sCysC levels≥1.255 mg/L had significantly higher 2-year mortality, rehospitalization and failure of renal recovery rates than those with sCysC levels<1.255 mg/L. Consistently, a recent study has also found a positive correlation of an elevated sCysC with poor cardiorenal outcomes in patients with acute heart failure [36] . These data suggest that measuring sCysC on the first day of admission could be used to assess the 2-year prognosis of CCU patients, who are often associated with poor in-hospital and post-discharge outcomes. More importantly, we compared the prognostic performance of sCysC with Troponin I, a validated marker for prognosis of acute coronary syndrome. sCysC performed substantially better than Troponin I in predicting 2-year mortality rates (AUC=0.842 versus AUC=0.760). These results suggest that sCysC could be an independent predictor for 2-year mortality, as well as rehospitalization and failure in renal recovery for CCU patients, This study has several strengths. First, we employed a prospective observational design and a rigorous protocol for patient screening in CCU and performed sCysC measurements in a blinded manner. Second, serum creatinine measurements before admission were available for the patients in the study, which allowed us to determine the predictive performance of sCysC in subgroups with and without prior CKD. Third, we provided convincing evidence that sCysC outperformed β2-MG and clinical models and served as a powerful predictor of AKI in CCU patients. Finally, the use of sCysC as a predictor for short-term prognosis was assessed during the 2-year follow-up of these CCU patients, further broadening the clinical implications of sCysC in disease diagnosis and prognosis.
This study also has some limitations. First, it was a single center study of CCU patients. Second, we measured the sCysC levels on the first day of admission but did not follow-up t possible sCysC changes in patients during their hospital stays. Unfortunately, urinary CysC was not measured either. Furthermore, the diagnosis of AKI was based on an increase in serum creatinine, which may result in the use of using a defective outcome variable to analyze the performance of novel biomarkers. Evidence of AKI on renal biopsy would be the gold standard, but it was not practicable in our study. Similar to most previous AKI studies, we were not able to use urine output for the AKI diagnosis because an indwelling urinary catheter was not present in most patients in this study.
In summary, this cohort study showed that the sCysC can serve as an early predictor for the development of AKI in CCU patients, as well as their short-term prognoses. If confirmed further, sCysC may provide a unique opportunity to impact dramatically the management of AKI by delivering diagnostic, severity, and prognostic information at an early time-point following a renal insult.
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